The role of sensory experience in the development and plasticity of the visual system has been widely studied. It has generally been reported that once animals reach adulthood, experience-dependent visual plasticity is reduced. We have found that visual experience is not needed for the refinement of receptive fields~RFs! in the superior colliculus~SC! but instead is necessary to maintain them in adulthood~Carrasco et al., 2005!. Without light exposure, RFs in SC of hamsters refine by postnatal day 60 as usual but then enlarge, presumably reducing visual acuity. In this study we examine whether a brief period of light exposure during early postnatal development would be sufficient to prevent RF enlargement in adulthood, and whether prolonged light exposure in adulthood could reverse the deprivation-induced increase in RF size. We found that an early postnatal period of at least 30 days of visual experience was sufficient to maintain refined RFs in the adult SC. Prolonged visual experience in adulthood could not reverse the RF enlargement resulting from long-term dark rearing, reflecting a loss of plasticity at this age. Our results suggest that, unlike in visual cortex, dark rearing does not indefinitely extend the critical period of plasticity in SC. Rather, there is a limited time window when early experience can protect RFs from the detrimental effects of visual deprivation in adulthood. These results contribute to understanding adult brain plasticity and argue for the importance of early visual experience in protecting the adult visual system.
Introduction
The specific contribution of visually driven activity to the development and plasticity of subcortical visual centers remains undefined despite considerable study. In the optic tectum~superior colliculus, SC! of rodents, activity-independent cues establish gross retinotopy, but retinal activity, whether spontaneous~Meister et al., 1991! or visually driven is required to refine receptive fields to their final small size~O' Leary et al., 1986; Fortin et al., 1999!. We have been exploring the mechanisms by which visual experience influences development and plasticity of retinotopic maps in the SC of Syrian hamsters~Mesocricetus auratus!. We reported that visual stimulation is not needed for normal receptive field refinement in hamster SC, suggesting that spontaneous activity is sufficient~Carrasco et al., 2005!. Vision was found to be necessary for maintaining refinement of the retinocollicular projection in adulthood, however. Thus, receptive fields~RFs! of SC neurons refine normally and without delay by 60 days after birth~P60! in dark-reared~DR! hamsters, but with continued light deprivation the refinement is lost by approximately P90, resulting in enlarged single unit RFs. Whether there is a critical time window within which visual experience must occur in order to prevent the enlargement of RF size in the SC of DR animals is unknown. Nor is it known whether visual experience after dark rearing can prevent or reverse the enlargement of RFs in the SC. Answers to these questions are relevant because understanding the role of visual experience in the maintenance of different areas within the visual system will inform strategies for treatment of patients that have been visually deprived. This issue is also important in considering risk factors for visual impairment.
Studies on visual cortex in rodents and carnivores have supported the idea that visual deprivation by dark rearing prevents maturation and extends the period during which the cortex is susceptible to visual experience. For example, dark rearing extends the critical period for ocular dominance shifts caused by monocular deprivation in mice and cats~Fagiolini et al., 1994; Mower et al., 1983; Mower, 1991 !. In addition, dark rearing prolongs the period when LTP can be induced in the visual cortex of rats Kirkwood et al., 1996 ! perhaps as a result of delaying the normal developmental change in NMDA receptor subunit composition that reduces channel open time~Carmignoto & Vicini, 1992 ; also see Hensch, 2005 !. When light is provided, it has the effect of closing the critical period for ocular dominance plasticity in cat visual cortex~Mower et al., 1983; !. These studies show that dark rearing preserves visual cortex in an immature state, at least in some respects. In this study we address how dark rearing affects a subcortical visual center, the visual midbrain SC, with respect to refinement of its receptive fields.
In our previous study on hamster superior colliculus, we reported that dark rearing commencing at P60, when RFs have just refined, does not lead to a loss of RF refinement~Carrasco et al., 2005 !. This result is consistent with the concept of a critical period that closes when refinement is complete. An unexpected finding in this previous study, however, was that continued dark rearing into adulthood led to a loss of RF refinement. This adult plasticity cannot be explained by a deprivation-induced prolongation of the critical period, and suggests instead that although receptive fields refine normally in DR animals, their synaptic connections are less stable than in normal animals. This led to the hypothesis tested in the present study, that dark rearing until P60~when RFs have refined in normal and DR animals! makes SC neurons more sensitive to subsequent visual experience than in normal adults, and thus that light exposure commencing at P60 might prevent the loss of RF refinement. We then tested whether visual experience after RFs have enlarged in adult DR animals could reverse the loss of refinement.
Previous studies have shown that brief visual experience has remarkable effects on visual cortex of DR animals, thus we also studied the effect of limited visual experience on the SC. In visual cortex of cats, two hours of daily binocular visual experience protects against the loss of visual acuity by monocular deprivation, as measured behaviorally~Mitchell et al., 2003 behaviorally~Mitchell et al., , 2006 . Another study has shown, using physiological methods, that a period of visual experience as short as six hours during the critical period blocks the effects of monocular deprivation in kittens' visual cortex~Mower et al., 1983!. Two hours of light exposure is sufficient to normalize the expression level of the NR2A subunit of NMDA receptor in the visual cortex of dark-reared rats~Quinlan et al., 1999!. Whether a similar time window of visual experience also prevents the effects of visual deprivation in subcortical visual areas has not been studied, to our knowledge. Given our previous result that visual experience until maturity at P60 maintains RF size in the SC even if animals are subsequently dark-reared, we hypothesized that there must be a limited time window before P60 when visual experience prevents the dark-induced failure to maintain refined RFs.
Our results suggest that the maintenance of refined RFs in adult SC neurons is highly dependent on a relatively long period of early visual experience. Interestingly, visual experience in adulthood could not reverse the effects of earlier deprivation, even though the loss of refinement did not occur until after the maturation of RF size. These results have relevant implications when considering cases in which patients have undergone periods of visual deprivation such as that produced by cataracts, retinopathy, or macular degeneration, and when considering plasticity of sensory systems in general.
Materials and methods
A total of 60 Syrian hamsters~Mesocricetus auratus! of different postnatal ages between P61 and P360 were used in this study. We chose Syrian hamsters as our model system because although their visual system is much like that of rats and mice, they are born at an earlier stage of brain development, prior to the formation of retinocollicular synapses~Frost et al., 1979!, facilitating manipulations of early developmental events. Our long-term interest in superior colliculus stems from our and others' studies on the development and refinement of retinotopic maps~Pallas & Finlay, 1989 , 1991 Xiong et al., 1994; Huang & Pallas, 2001; Razak et al., 2003 ! and on the need for a relatively simple central visual structure with interesting, complex response properties that can be isolated from cortical influences~Rhoades & Chalupa, 1978!. All of the procedures used on animals met standards of humane care developed by the National Institutes of Health and were approved by the Institutional Animal Care and Use Committee.
Rearing conditions
Syrian hamsters were obtained from Charles River Laboratories Wilmington, MA! or bred in house. Normal hamsters were kept on a 14 hours010 hours light0dark cycle. Dark-reared~DR! hamsters were maintained in a light-tight, dark room from before birth and exposed only to a thin beam of dim red light @Philips 25W red A-type bulb #814546, not visible to Syrian hamsters~Huhman & Albers, 1994!# during brief, daily caretaker visits. Experimental groups used in this study are as follows~Fig. 1!:~1a! animals reared in a normal light0dark cycle, or~b! reared in complete darkness from birth until the day of recording;~2! animals reared in light until either P60 or P80 and then moved to a darkroom to test whether late dark rearing can lead to enlarged RFs;~3! animals reared in darkness until P60, P93, or P130 and moved to light afterwards, to test whether late visual experience may prevent or reverse the loss of RF refinement in the SC of DR animals; and~4! animals that were exposed to light for 13, 22, or 32 days starting at P8 and then returned to the dark to test the existence of a time window when visual experience is necessary to prevent the loss of RF refinement by dark rearing. All were acute preparations from animals that were P60 or older as indicated. Experimental groups:~1! animals reared in a normal light0dark cycle~a! or reared in complete darkness from birth until the day of recording~b!;~2! animals reared in light until either P60 or P80 and then moved to a darkroom to test whether late dark rearing can lead to enlarged RFs;~3! animals reared in dark until P60, P93, or P130 and moved to light afterwards, to test whether late visual experience may prevent or reverse the loss of RF refinement in the SC of DR animals; and~4! animals that were exposed to light for 13, 22, or 32 days starting at P8 and were reared in the dark before and after that period to test the existence of a time window when visual experience is necessary to prevent the loss of RF refinement by dark rearing.
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Animals were prepared for terminal electrophysiological recordings as described previously~Pallas & Finlay, 1989; Huang & Pallas, 2001 !. Each animal was anesthetized with urethane~0.7 g0mL; 0.3 mL0100 g body weight in 4 i.p. aliquots at 20-30 minute intervals!, an anesthetic that has minimal effect on subcortical neurotransmission~Maggi & Meli, 1986!. The SC was surgically exposed by bilateral aspiration of the visual cortex. Removal of cortex has no effect on SC neuron receptive field properties in hamsters, except for a loss of direction tuning~Rhoades & Chalupa, 1978!. The brain was kept covered with sterile saline solution, and the eye was protected by a custom designed, plano contact lens during the experiment. In most of the animals, an endotracheal tube was placed in order to facilitate respiration. The animal was placed in a stereotaxic device and the conjunctivum was stabilized with 6-0 silk suture to prevent movement of the contralateral eye~Pallas & Finlay, 1989!. Anesthesia level was periodically monitored throughout the experiments by checking withdrawal reflexes, and supplemental doses of urethane were given if needed.
Electrophysiology
Teflon-coated tungsten electrodes~1-2 MV, FHC, Bowdoinham, ME! were used for extracellular recording of single neurons within 200 mm of the right SC's surface to ensure that all recorded units were contained in the stratum griseum superficiale~SGS, the retinorecipient layer!. Receptive field~RF! diameters~nasal to temporal! of single neurons were plotted by hand on a translucent hemisphere fixed 30 cm from the eye, with the center of the hemisphere aligned with the optic disk. Single units were electrically isolated by shape and amplitude of action potentials in response to stimulation with a penlight. Only neurons located in the rostral SC, representing frontal visual fields, were considered for determining RF size, in order to be consistent with our previous studies and to provide a uniform population of cells across experimental groups.
Results
Dark rearing after RFs have refined does not affect RF size
We reported in our previous study that RF refinement in the SC occurs by two months of age~P60! regardless of whether visual stimulation occurs, and that this refinement is subsequently lost in animals that are continuously dark-reared from birth into adulthood~Carrasco et al., 2005!. The goal of this study is to determine whether and when exposure to light could prevent or reverse this loss of refinement. Our previous results suggest that maintenance of refined, small RFs is dependent on visual experience during adulthood. This led to the prediction that late dark rearing, after RFs have refined, would lead to a similar loss of refinement in adulthood as is produced by prolonged dark rearing. Here, we provide evidence contrary to this prediction; late dark rearing did not lead to enlarged RFs. We dark-reared P60 or P80 animals up to P198 and P360 days of age, respectively~Fig. 2!. These animals were moved from a normal 14-light010-dark environment to a darkroom and were maintained in the dark for four to nine months. We did not include a group dark-reared from P60 for nine months because there was no difference in RF size at any age or treatment beyond P60. We found that RFs from single SC units were not significantly different in diameter between the late DR hamsters and normal adult hamsters~normal adult: 19.4 6 0.318 diameter, n ϭ 92; DR at P60: 18.9 6 0.318, n ϭ 115; DR at P80: 19.5 6 0.348, n ϭ 72; mean 6 SEM; P ϭ 0.18, one-way Analysis of Variance on Ranks!. This result is surprising because the deprivation occurred at the same developmental stage when RF enlargement occurred in animals reared in the dark from birth. These results support the hypothesis that visual experience up to the age when RFs have refined in the SC prevents any later loss of RF maintenance that might result from subsequent visual deprivation.
Visual experience after RFs have refined preserves the refinement
We next asked whether late visual experience could prevent the RF enlargement that occurs in long-term dark-reared hamsters. We hypothesized that, although normal visual experience up to the age at which RFs have refined prevents subsequent dark-induced plasticity of RFs~see earlier!, dark rearing could make RFs susceptible to late visual experience. To test this hypothesis, we dark-reared animals from birth up to P60, P93, or P130 and exposed them to normal visual experience thereafter~Fig. 3!. dark-reared until P60 and then exposed to normal visual experience thereafter, RFs did not get any larger and were not significantly different in size from RFs of normal adult animals~Fig. 3, normal adult: 19.4 6 0.318, n ϭ 92; DR until P60: 18.7 6 0.33, n ϭ 58, P Ͼ 0.05, one-way ANOVA on Ranks!. Thus, visual experience commencing at P60 in DR animals, before loss of RF refinement has occurred, did prevent dark-induced RF enlargement, but light exposure after P90, when RFs have enlarged, did not. This result argues against the idea that the visual deprivation prolongs a critical period of susceptibility of the SC to the influences of light.
Visual experience after RFs have refined cannot reverse loss of refinement
In the next set of experiments, we addressed whether visual experience after loss of refinement could reverse the detrimental effects of dark rearing up to P90. Thus, animals were dark-reared until P93 or P130, after which they were exposed to a normal light cycle. We found that these animals presented enlarged RFs even after five months of normal visual experience. Their RFs were not significantly different from those of adult hamsters that were dark-reared from birth until the day of recording, but remained significantly larger than those of normal adults~Fig. 3, normal adult: 19.4 6 0.318, n ϭ 92; DR until P93: 28.2 6 0.788, n ϭ 46; DR until P130: 27.9 6 0.688, n ϭ 99; DR Ͼ P80: 30.3 6 1.18, n ϭ 50, P Ͻ 0.05, one-way ANOVA on Ranks!. The experiments described earlier show that visual experience maintains RFs in their refined state, but it cannot reverse the loss of RF refinement produced by long-term dark rearing. Additionally, visual deprivation starting at P60 does not lead to loss of RF refinement. These results, taken together, shows that visual experience just after RFs have refined can prevent loss of refinement in hamster SC, but cannot reverse it. We next examined the time window when visual experience is necessary to prevent loss of RF refinement.
Thirty days of early visual experience protects against the effects of dark rearing
Because our results showed that visual experience up to P60 prevents any loss of RF refinement that might be induced by dark rearing after P60~Fig. 2!, we hypothesized that there is a distinct time window before P60 when visual experience must occur in order to protect the retinocollicular projection from deprivationinduced failure to maintain RFs. In order to test this hypothesis, we recorded from the SC of adult hamsters that had either 13, 22, or 32 days of visual experience commencing at P8~Fig. 4A!. Because hamsters open their eyes at approximately P12, the actual period of visual experience was slightly shorter than the period of light exposure, although it is possible that light could activate the retina through the eyelids prior to eye opening~Akerman et al., 2002!. After the period of visual experience and before P8, animals were maintained in the dark. Data were obtained from animals in the middle of adult life~P145-P205!. Our results indicated that neither 13 nor 22 days of light exposure was sufficient to prevent loss of RF maintenance in light-deprived animals. The RFs from SC neurons in these groups were significantly larger than those in normal adults~normal adult: 19.4 6 0.318, n ϭ 92; DR with 13 days of light: 25.4 6 0.738, n ϭ 80; DR with 22 days of light: 27.1 6 0.758, n ϭ 53, P Ͻ 0.05, One Way ANOVA on Ranks!. However, 32 days of light exposure commencing at P8 did prevent deprivation-induced loss of RF refinement. The mean RF size of SC neurons in the 32-day light exposure group was not significantly different from that of normal adults~normal adult: 19.4 6 0.318, n ϭ 92; DR with 32 days of light: 20.1 6 0.348, n ϭ 64, P Ͼ 0.05!. Thus, dark rearing starting at P40 and maintained until late in adulthood did not lead to the loss of RF refinement seen in animals dark-reared from birth. Furthermore, animals with 32 days of light exposure had very stable RF sizes, even after approximately three months of visual deprivation~Fig. 4B!. In contrast, the RFs of animals with either 13 or 22 days of light exposure were more variable during the analyzed time period. These results suggest that a period of approximately 30 days of visual experience commencing early in postnatal development has long-lasting effects on SC neuronal properties; in particular, it protects neurons from later visual deprivation-induced loss of RF refinement. Whether light exposure later in postnatal development would have a similar effect would be an interesting question for investigation given the concept that plasticity decreases steadily with age after eye opening~see Hensch, 2004 for review!.
Discussion
In a previous study we showed that long term-term dark rearing from birth, although it does not delay the developmental refine- Fig. 3 . Late visual experience can prevent but cannot reverse the effects of long term dark rearing. Animals were dark-reared until P60, P93, or P130 and exposed to normal visual experience thereafter. Late visual experience prevented the loss of RF refinement in animals dark-reared until P60 normal adult: 19.4 6 0.318, n ϭ 92; DR until P60: 18.7 6 0.33, n ϭ 58, P Ͼ 0.05, One Way ANOVA on Ranks!, however it did not reverse loss of RF refinement in animals dark-reared until P93 or P130~DR until P93: 28.2 6 0.788, n ϭ 46; DR until P130: 27.9 6 0.688, n ϭ 99; DR Ͼ P80: 30.3 6 1.18, n ϭ 50, P Ͻ 0.05, one way ANOVA on Ranks!. Labels on the x-axis denote the postnatal age on the day of recording. Numbers inside bars are number of single units. * denotes significant difference~Ͻ0.05! compared to the normal adult group. ment of retino-SC projections, leads to a loss of refinement in adulthood, manifested as enlarged single unit RFs~Carrasco et al., 2005!. In this study we have examined the time window during which visual experience is necessary to prevent this visual deprivation-induced loss of RF refinement. We have reported four main results~Fig. 5!. First, we have shown that dark rearing commencing in adulthood does not interfere with the maintenance of previously refined RFs in the SC. Second, the loss of refinement incurred after early, long-term deprivation could not be reversed by many months of subsequent visual experience in adulthood. Third, enlarged RFs could be prevented in dark-reared animals if visual experience started at P60, when RFs have just reached their refined adult size. Additionally, we found that a Ͼ3 week period of early postnatal visual experience can prevent any subsequent loss of RF refinement caused by dark rearing late into adulthood. Briefer, early exposure to light~9 or 18 days beyond eye opening! was not protective. These results suggest that visual deprivation is promoting plasticity in the adult SC, but with certain limitations; visual experience during development can prevent the deleterious effects of deprivation, but visual experience during adulthood can only maintain the pre-existing state of refinement. As a result, loss of receptive field refinement in adult DR animals could not be reversed with visual experience.
Dark rearing promotes adult plasticity
Several previous studies in visual cortex have shown that plasticity is not only age-dependent, but also experience-dependent~see Hensch, 2004 for review!. Visual deprivation in cats reportedly blocks the maturation of some aspects of cortical structure and function, and prolongs the critical period during which visual experience-dependent changes such as ocular dominance plasticity can take place in visual cortex~Cynader & Mitchell, 1980; Cynader, 1983; !. Something different is occurring in the SC, as seen here and in our previous study~Carrasco et al., 2005!. Rather than causing the circuitry to remain suspended in a Fig. 4 . A 32-day period of visual experience in early life prevents the effects of long term dark rearing. Animals were exposed to light at P8 lasting 13, 22, or 32 days.~A! Receptive field size from the 13 and the 22 days of light exposure groups were significant different from those of normal adult animals~normal adult: 19.4 6 0.318, n ϭ 92; DR with 13 days of light: 25.4 6 0.738, n ϭ 80; DR with 22 days of light: 27.1 6 0.758, n ϭ 53, P Ͻ 0.05, one way ANOVA on Ranks!. Receptive field size of units in animals with 32 days of light exposure was not different from those of normal adults~DR with 32 days of light: 20.1 6 0.348, n ϭ 64, P Ͼ 0.05!. Labels on the x-axis denote the postnatal age on the day of recording. Numbers inside bars are number of single units. * indicates significant difference compared to normal adult group.~B! Data from animals with 13, 22, or 32 days of visual experience are shown as RF diameter versus days between the end of visual experience and the day of recording, that is, days in the dark after the visual experience period. Data points~small circles! are represented as a scatter plot with mean values~large circles! 6 SEM. Dark rearing from birth leads to refined RFs by P60, but RFs lose refinement by P60;~2! Visual experience until P60 protects against dark-induced loss of RF refinement;~3! a. Visual experience commencing at P60 after dark rearing from birth prevents the loss of RF refinement; b. Visual experience commencing at P90 does not reverse the loss of RF refinement;~4! a. 13 days of visual experience starting at P8 is not enough to prevent loss of RF refinement in adulthood; b. 32 days of visual experience starting at P8 is enough to prevent loss of RF refinement that would occur in adulthood as a result of dark rearing.
juvenile state, visual deprivation neither prevents nor delays normal maturation of RF size in the SC. A previous study in ferret lateral geniculate nucleus~LGN! has shown similarly that visually driven activity is necessary to maintain LGN lamination~Chap-man, 2000!, suggesting that other subcortical visual areas also depend on vision for maintenance of at least some of their properties. In addition, a handful of studies on cat visual cortex have similarly suggested that visual deprivation causes a loss of mature properties rather than a failure to attain maturity in neurons of the visual cortex~Buisseret & Imbert, 1975; Fregnac & Imbert, 1978!. More recent findings in ferrets, a species born earlier in development than cats, provide evidence for an activity-independent origin of ocular dominance columns~Crowley & Katz, 1999 Katz, , 2000 Crair et al., 2001 !, further supporting the idea that light exposure may promote maintenance rather than normal formation of visual cortical circuits. It would be interesting to reexamine the earlier work with more frequent sampling of postnatal time points and determine whether or not dark rearing has different effects in cortical versus subcortical visual areas or whether there may be species differences rather than or in addition to regional differences.
In our study the refined connections in the long-term DR animals were vulnerable to continued deprivation in adulthood, despite exposure to spontaneous retinal activity during development. Although our results do not reveal what the nature of the vulnerability is, it is apparent that non-visual retinal activity is insufficient to stabilize RFs in a fully mature state. Spontaneous activity is low in SC compared to visual cortex. Without lightdriven activity then, there is substantially less activation of the SC. The quantity of activity is important in maturation of LGN~Stell-wagen & Shatz, 2002; Huberman et al., 2003 !, and may be critical in other subcortical visual regions as well.
Our results demonstrate that adult brain plasticity can be influenced by the previous rearing conditions of the animal. Similar findings have been reported in visual cortex. Recovery of visual cortical responses in the deprived eye after monocular deprivatioñ MD! has been shown to occur after the critical period for MD in ferrets if the eye was exposed to light before the deprivation~Liao et al., 2004!. In mice, a transient period of monocular deprivation renders the visual cortex susceptible to monocular deprivation in adulthood~Hofer et al., He et al., 2006! . In this study we have shown that long-term dark rearing also elicits late brain plasticity in the SC, but the adult plasticity can be prevented by providing 30 days of normal sensory input during development. Thus, our results emphasize the role of early sensory experience in preventing detrimental adult brain plasticity that could lead to impaired visual acuity.
Light exposure in adulthood can stabilize pre-existing levels of RF refinement
Our finding that visual experience from P60 onward prevented enlargement of single SC neuron RFs, even if animals were previously reared in the dark, suggests that the early deprivation allows the SC to be modified by visual experience in adulthood. The opposite does not occur, that is, dark rearing starting at P60 does not produce enlarged RFs. Thus, visual experience starting at P60 can prevent deprivation-induced loss of RF refinement, but dark rearing starting at P60 cannot reverse the effect of early visual experience on RFs. These results may indicate that dark rearing allows SC neurons to remain susceptible to changes in visual experience for a longer period of time than normal, despite the fact that the RFs refine on schedule. Alternatively, the deprivation may reopen a critical period for experience-dependent plasticity that had previously closed. Our results also showed that the loss of RF refinement could not be reversed, even with several months of visual experience, if animals were dark-reared until P90 or later. This suggests that there is a restricted period during which visual experience can protect RFs. Generally the term "critical period" is reserved for plasticity that occurs during development, but in this case the loss of RF refinement does not occur until after sexual maturity. Exposure to light in adulthood, which can prevent loss of refinement if it commences at P60, may either be stabilizing the synapses or preventing them from being further destabilized. The stability of the synapses could be probed by dark rearing animals until P60, followed by light exposure, then retesting with another period of dark rearing. If synapses are stabilized by the light exposure, then the second deprivation should have no effect.
Early limited visual experience has long lasting protective effects on SC properties
We have stated earlier that visual deprivation starting at P60 did not reverse the effects of early visual experience on RFs; that is, RFs did not enlarge. Furthermore, our findings showed that a 32-day period of early visual experience has long lasting effects on RF size, preventing the future loss of RF refinement that would be caused by prolonged deprivation. Receptive fields in the hamster SC attain their normal adult size between P50 and P60~Carrasco et al., 2005!. Thus, when dark rearing started at P40 for the animals that experienced 32 days of visual experience, RFs had not refined to the adult RF size, but nonetheless their refinement and maintenance occurred as usual. Our previous results show that visual experience is not necessary for the development of the retinocollicular projection but is necessary for its maintenance. Interestingly, we have found here that visual experience protects refined RFs, through unknown mechanisms, even if it takes place before RFs have been completely refined. However, 13 or 22 days of visual experience were not enough to protect RFs in adulthood. This result suggests that visual experience has to occur in a certain amount and0or at the time when RFs are close to being refined in order to maintain RF refinement.
Although the mechanism underlying the loss of RF refinement is not currently known, our previous results suggest that animals dark-reared from birth until late in adulthood have decreased surround inhibition in the SC~Carrasco et al., 2005!. This finding is consistent with previous studies in developing SC of cats~Fosse et al., 1989! and in visual cortex, where it has been found in adult rats that dark rearing reduces benzodiazepine and muscimol binding and the number of GABA-immunopositive cells~Schliebs et al., 1986; Benevento et al., 1995; Gordon et al., 1997 !. It has been suggested that GABA has a preponderant role in triggering the closure of the plastic state of the visual cortex and that visual experience contributes to the maturation of the GABA circuit~see Hensch, 2005 for review!. Thus, visual experience might prevent the depression of the inhibitory circuitry in the SC as it does in visual cortex. The effects of dark rearing on the SC could be similar to the effects of aging on visual cortex, in which it has been found that GABA function is depressed and that visual function improves with GABA administration~Leventhal, 2003!. We are currently addressing this possibility and investigating the mechanism involved in RF maintenance in the SC.
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Although decreased inhibition may account for at least part of the loss of RF refinement in DR animals, other possibilities also need to be taken into account. Previous studies in visual cortex and SC have shown that the subunit composition of NMDA receptors is experience-dependent~Carmignoto & Vicini, 1992; Binns & Salt, 1998; Philpot et al., 2001 !. Visual deprivation in neonatal rats makes NMDA currents longer by increasing the NR2B0NR2A ratio~Quinlan et al., 1999!. Changes in NMDA receptor subunit composition can lead to changes in kinetics, which in turn might lead to changes in synaptic strength, in particular, to LTP, making previously silent synapses functional. Such a scenario, if it were to occur in SC, could lead to a broader activation area and thus larger receptive fields.
Why might SC be different from visual cortex?
If it is the case that visual cortex is more susceptible than SC to visual experience during development, how could this be explained? One interesting difference in the molecular underpinnings of plasticity is that expression of cpg15, a gene involved in synaptic maturation, is affected by experience in V1 but not LGN or SC~Lee & Nedivi, 2002!. Exploration of this and other activityregulated genes may be fruitful. Results from studying the possible mechanisms underlying maintenance of visual circuitry and adult plasticity in different areas of the brain will provide knowledge that will contribute to a broader understanding and treatment of sensory impairment.
